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Low-Energy Helium-Neon Laser Induces Locomotion
of the Immature Melanoblasts and Promotes Melano-
genesis of the More Differentiated Melanoblasts:
Recapitulation of Vitiligo Repigmentation In Vitro
Cheng-Che E. Lan1, Ching-Shuang Wu2, Min-Hsi Chiou1, Pei-Chen Hsieh3 and Hsin-Su Yu3
Helium-neon laser (He-Ne Laser, 632.8 nm) is a low-energy laser that has therapeutic efficacy on various clinical
conditions. Our previous study has demonstrated efficacy of He-Ne laser on vitiligo, a disease characterized by
skin depigmentation. To regain skin tone on vitiligo lesions, the process began by the migration of the immature
melanoblasts (MBs) to the epidermis, which was followed by their functional development to produce melanin.
In this study, we investigated the physiologic effects of He-Ne laser irradiation on two MB cell lines: the
immature NCCmelb4 and the more differentiated NCCmelan5. The intricate interactions between MBs with
their innate extracelluar matrix, fibronectin, were also addressed. Our results showed that He-Ne laser
irradiation enhanced NCCmelb4 mobility via enhanced phosphorylated focal adhesion kinase expression and
promoted melanogenesis in NCCmelan5. In addition, He-Ne laser decreased the affinity between NCCmelb4
and fibronectin, whereas the attachment of NCCmelan5 to fibronectin increased. The a5b1 integrin expression
on NCCmelb4 cells was enhanced by He-Ne laser. In conclusion, we have demonstrated that He-Ne laser
induced different physiologic changes on MBs at different maturation stages and recapitulated the early events
during vitiligo repigmentation process brought upon by He-Ne laser in vitro.
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INTRODUCTION
Helium-Neon (He-Ne) laser (632.8 nm) is a low-energy laser
emitting radiation at visible light spectrum. As the thermal
effects associated with low-energy laser irradiation were
extremely minute (Basford, 1989; Yu et al., 1994; Babapour
et al., 1995), the physiologic effects imparted by low-energy
lasers were attributed to their direct biostimulation on expo-
sed cells. In vitro studies have revealed that He-Ne laser
irradiation stimulates the release of various growth factors
and results in the proliferation of fibroblasts and keratinocytes
(Abergel et al., 1987; Haas et al., 1990; Yu et al., 1996). The
mechanisms associated with the stimulatory effects of He-Ne
laser has not been fully elucidated. One possibility may be
that the laser energy is absorbed in intracellular chromo-
phores and converted to metabolic energy (Belkin et al.,
1988; Conlan et al., 1996, Karu, 1999). It has been shown
that cellular ATP levels increased almost 2-fold after He-Ne
laser irradiation in cultured HeLa cells (Karu et al., 1995). In
addition, He-Ne laser has been shown to impart significant
effects on cellular signal-transduction pathways (Shefer et al.,
2001).
Vitiligo is an acquired pigmentary disorder characterized
by depigmentation of skin and hair. Vitiligo vulgaris affects
all races and occurs in approximately 0.5% of the world
population (Kovac, 1998). The underlying mechanism of how
functional melanocytes (MCs) disappear from the involved
skin is still unclear. As the pathogenesis of this disease
remains obscure, treatment of vitiligo has generally been
unsatisfactory and often disappointing. Conventional thera-
pies that induced varying degrees of repigmentation in
patients with vitiligo include topical corticosteroids (Mandel
et al., 1997; Njoo et al., 1998), phototherapy (Ortel et al.,
2001), and photochemotherapy (Fitzpatrick, 1997). More
recently, we have shown He-Ne laser treatment to be a
safe and effective treatment modality for patients with vitiligo
(Yu et al., 2003).
Recovery from vitiligo is initiated by the activation and
proliferation of melanoblasts (MBs) located in the middle and
& 2006 The Society for Investigative Dermatology www.jidonline.org 2119
ORIGINAL ARTICLE
Received 25 December 2005; revised 17 March 2006; accepted 3 April 2006;
published online 11 May 2006
1Department of Dermatology, Kaohsiung Medical University Hospital,
Kaohsiung Medical University, Kaohsiung, Taiwan, ROC; 2Faculty of
Biomedical Laboratory Science, Kaohsiung Medical University, Kaohsiung,
Taiwan, ROC and 3Department of Dermatology, National Taiwan University
Hospital and National Taiwan University College of Medicine, Taipei,
Taiwan, ROC
Correspondence: Dr Hsin-Su Yu Department of Dermatology, National
Taiwan University Hospital and National Taiwan University College of
Medicine, 7 Chung-Shan South Road, Taipei 100, Taiwan ROC.
E-mail: dermyu@ha.mc.ntu.edu.tw
Abbreviations: ECM, extracellular matrix; ET, endothelin;
He-Ne, helium-neon; MB, melanoblast; MC, melanocyte;
pp125FAK, phosphorylated focal adhesion kinase
lower parts of outer root sheath of hair follicles. These
cells serve as the source for repigmentation of vitiliginous
skin (Starico and Miller-Milinska, 1962; Cui et al., 1991;
Norris et al., 1994). The upward migration of MBs to the
epidermis followed by the functional development of MBs
to produce melanin is the sequence of event that must take
place in order for vitiliginous skin to regain normal skin
tone. An essential but often neglected factor in the repigment-
ation process of vitiligo is the involvement of extracellular
matrix (ECM). ECM molecules have important regulatory
roles for several cellular activities including migration
(Aznavoorian et al., 1990; Calof and Lander, 1991), growth,
and differentiation (Woodley et al., 1990; Watt et al., 1993).
It has been reported that among various ECM found in
the dermis, fibronectin imparts significant effects on both
differentiation and migration of cultured MBs and MCs
(Ideta et al., 2002; Takano et al., 2002). Intriguingly, the
physical distribution of fibronectin in vivo is closely
associated with the migration path undertaken by MBs
during the repigmentation process of vitiligo (Gibson et al.,
1983). Therefore, the involvement of fibronectin in the migra-
tion process of MB is certain and needs to be addressed in
the studies investigating vitiligo repigmentation.
Although we have previously shown that He-Ne laser
irradiation provides a favorable milieu for inducing repig-
mentation in vitiligo, we could not explain the early recovery
scheme brought about by the He-Ne laser treatment as the
initial event of vitiligo recovery involved immature MBs
and not functional MCs. Recently, the immature MBs and the
well-differentiated MB cell lines were successfully estab-
lished from mice and named NCCmelb4 and NCCmelan5,
respectively (Kawa et al., 2000; Ooka et al., 2001). These
cells were used in this study to investigate the physio-
logic effects imparted by He-Ne laser on MBs at different
maturation stages and recapitulate the early molecular events
that took place during the repigmentation process of vitiligo
triggered by He-Ne laser.
RESULTS
The cell growth of both NCCmelb4 and NCCmelan5 was not
affected by He-Ne laser irradiation
The growth curves for both NCCmelb4 and NCCmelan5 cells
were determined. As demonstrated in Figure 1, treatment
with He-Ne laser did not affect cell growth up to 5 days,
indicating that our experimental results were not owing to
differences in cell survival induced by He-Ne laser.
He-Ne laser irradiation induced NCCmelb4 mobility, but has
little effect on NCCmelan5 locomotion
We first studied the effects of He-Ne laser on mouse-derived
MB cells in terms of cell mobility using time-lapse micro-
photography. As demonstrated in Table 1, the locomotion of
NCCmelb4 cells significantly increased 18 hours after irradi-
ation with 1.0 J/cm2 He-Ne laser. Irradiation with 1.5 J/cm2
He-Ne laser also significantly increased NCCmelb4 mobility
as compared to the sham-irradiated group, but no difference
was found between the 1.0 and 1.5 J/cm2 irradiated groups
(data not shown). Contrasting to NCCmelb4 cells, the
mobility of NCCmelan5 cells was not stimulated by He-Ne
laser treatment (Table 1). In addition, our result also demon-
strated that the NCCmelan5 cells have greater migratory
capacity as compared to the NCCmelb4 cells.
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Figure 1. Effect of He-Ne laser irradiation on NCCmelb4 and NCCmelan5
cell growth. The growth curve of (a) NCCmelb4 and (b) NCCmelan5
constructed from results of cell counting and trypan blue dye exclusion assay
showed that He-Ne laser irradiation up to 1.5 J/cm2 did not significantly alter
the cell numbers of either cell types up to 5 days of cultivation. The data
shown here (mean7SD) are from one representative experiment performed
in triplicate, repeated three times with similar results.
Table 1. Migration distances of the NCCmelb4 and
NCCmelan5 cells at various time points with or
without He-Ne laser treatment
Migration distance (lm)
He-Ne
laser
(J/cm2) 3 h 6 h 9 h 18 h 24 h
NCCmelb4
0 4.271.2 11.573.3 15.074.6 21.776.3 31.178.5
1 5.473.0 11.675.3 19.177.0 33.479.1* 45.3712.1*
NCCmelan5
0 9.072.4 39.6713.3 68.6724.1 109.9725.9 125.3726.6
1 11.176.6 32.6713.0 57.4731.6 100.6739.6 137.8745.1
Data presented as mean7SD.
*Po0.05.
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NCCmelb4 cells showed significant decrease in attachment to
fibronectin after He-Ne laser treatment
As shown in Figure 2, the attachment of NCCmelb4 cells to
fibronectin after 1.0 J/cm2 He-Ne laser irradiation was about
50% of sham-irradiated group. On the contrary, the attach-
ment of NCCmelan5 cells to fibronectin increased about 20%
after 1.0 J/cm2 He-Ne laser treatment (Figure 2).
NCCmelan5 showed significant increase in melanin formation
after He-Ne laser irradiation
The melanin content of NCCmelan5 cells was determined 5
days after cultivation. The melanin content per cell after 0,
1.0, and 1.5 J/cm2 He-Ne laser irradiation was 310.1723.6,
296.3720.8, and 388.3735.9 ng, respectively. It is obvious
that melanin formation by NCCmelan5 cells was significantly
increased after He-Ne laser irradiation of 1.5 J/cm2. Negli-
gible melanin was found in the NCCmelb4 cultures, with or
without He-Ne laser irradiation (data not shown).
He-Ne laser irradiation significantly increased the pp125FAK
expression on NCCmelb4 cells
The expressions of p125FAK, a protein known to involve
in cell mobility after phosphorylation, were determined
using Western blot assay. As demonstrated in Figure 3,
1.0 J/cm2 He-Ne laser irradiation significantly increased the
protein expressions of pp125FAK (phosphorylated focal
adhesion kinase) in NCCmelb4 cells. For quantification
analyses, the relative ratio of pp125FAK to glyceraldehyde-3-
phosphate dehydrogenase was determined, and the increase
of pp125FAK expression after 1.0 J/cm2 He-Ne laser irradiation
was more than 2-fold as compared to the 0 J/cm2 irradiated
group. A representative blot was shown in Figure 3.
The expression of integrin a5b1 on NCCmelb4 was significantly
upregulated by He-Ne laser irradiation
Integrin a5b1 and a2b1 were known to mediate locomotion
of pigment cells. Therefore, the integrin expressions of a5b1
and a2b1 were evaluated. As demonstrated in Table 2, the
integrin expression of a5b1 on NCCmelb4 cells significantly
increased after 1.0 J/cm2 He-Ne laser treatment. No signi-
ficant effect was found on integrin a2b1 expression after
He-Ne laser irradiation. He-Ne laser irradiation has little
effect on NCCmelan5 cells in terms of a5b1 and a2b1
integrin expressions as shown in Table 2.
Low-dose herbimycin A demonstrated no toxic effect on
NCCmelb4 viability
The MTS cell proliferation assay was performed to evaluate
the impact of herbimycin A on the viability of NCCmelb4
cells. The absorbance of NCCmelb4 cells treated with herbi-
mycin A 1 and 5mg/ml were 99.871.4 and 94.273.0%,
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Figure 2. Effect of He-Ne laser irradiation on cell attachment to fibronectin.
The NCCmelb4 and NCCmelan5 cells (1104/well) were seeded in 96-well
microtitration plate coated with fibronectin. Attached cells were determined
following the experimental protocol described in the Materials and Methods
section. As seen in the figure, 1.0 J/cm2 He-Ne laser irradiation significantly
decreased the number of NCCmelb4 cells attached to fibronectin. On the
other hand, He-Ne laser irradiation significantly increased the number of
NCCmelan5 cells attached to fibronectin. The data shown here (mean7SD)
are from one representative experiment performed in triplicate, repeated three
times with similar results. *Po0.05 as compared to the 0 J/cm2 irradiated
group.
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Figure 3. Effect of He-Ne laser irradiation on pp125FAK expression of the
NCCmelb4 cells. The relative expression of pp125FAK on the NCCmelb4
cells with or without 1.0 J/cm2 He-Ne laser irradiation was obtained by
densitometric scanning of the representative immunoblot shown in the figure
after adjusting for internal control, glyceraldehyde-3-phosphate dehydrogen-
ase. The relative intensity of pp125FAK significantly increased after 1.0 J/cm2
He-Ne laser irradiation. The data shown is a representative blot from three
separate experiments with similar results, and the densitometric analyses
(mean7SD) are obtained from three independent experiments. *Po0.05
as compared to the 0 J/cm2 irradiated group.
Table 2. Integrin expression of the NCCmelb4 and
NCCmelan4 cells with or without He-Ne laser
irradiation
Integrins expression (OD)
He-Ne
NCCmelb4 NCCmelan5
laser (J/cm2) a2b1 a5b1 a2b1 a5b1
0 1.3070.30 1.2570.08 0.7970.05 0.8570.20
1 1.5170.13 1.5570.07* 0.8070.08 1.0070.08
Data presented as mean7SD.
*Po0.05, compared to He-Ne laser 0 J/cm2 irradiation group.
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respectively, compared with the control group, indicating
that herbimycin A at 1 and 5 mg/ml have no toxic effect on
NCCmelb4 cells. However, the viability of NCCmelb4 cells
treated with 10 mg/ml herbimycin A was significantly reduced
as compared to control group (89.971.6 vs 100%) (Po0.05).
Therefore, low-dose herbimycin A (1 mg/ml) was used to
determine the functional role of pp125FAK in our experiment.
Herbimycin A, a specific inhibitor of pp125FAK, abrogated the
effect of He-Ne laser on NCCmelb4 mobility
To determine the functional roles of increased pp125FAK and
a5b1 expression on NCCmelb4 cells after He-Ne laser
irradiation, specific inhibitors or neutralizing antibodies to
pp125FAK or a5b1 integrin, respectively, were used. As shown
in Figure 4, addition of herbimycin A abrogated the increased
locomotion induced by the He-Ne laser treatment. On the
other hand, addition of specific antibody to integrin a5b1 has
little effect on NCCmelb4 mobility induced by the He-Ne
laser treatment.
DISCUSSION
Laser irradiation is regarded to have an important effect in
triggering cellular proliferation, differentiation, and apoptosis
in various cell types (Bibikova and Oron, 1993). In particular,
low-energy lasers have been demonstrated to have thera-
peutic roles in rheumatoid arthritis (Goldman et al., 1980),
wound healing (Lyons et al., 1987), postherpetic neuralgia
(Yaksich et al., 1993), recovery of nerve injury (Khullar et al.,
1996), and vitiligo (Yu et al., 2003). Despite its documented
therapeutic effects, the regulatory mechanisms imparted by
low-energy lasers have not been fully elucidated.
Treatment of vitiligo remains to be a clinical challenge for
practicing physicians. Currently, there is no way of predicting
which therapeutic modality will be most beneficial for any
particular patient or to what extent will the patient recover
from the depigmented skin lesions. By studying the under-
lying mechanisms of how therapeutic modalities brought
about repigmentation in vitiliginous skin, we may gain further
insights on how to treat this disease more effectively. It is
important to note that the repigmentation process of vitiligo
begins with the migration of immature MBs residing in the
outer root sheath of hair follicles. Therefore, to simulate the
early events that took place in the recovery process of vitiligo,
the study focused on MB migration is indispensable. Our
study focused on the physiologic effects imparted by He-Ne
laser irradiation on MBs at different maturation stages.
As our results indicated, the locomotion of the NCCme-
lan5 cells was much greater than that of the NCCmelb4 cells.
It has been previously reported that the optimal migration
of mouse MB in dermis required both c-kit and endothelin
(ET)-3 (Yashida et al., 1996). As the more differentiated
NCCmelan5 cells possessed ET receptors and required ET-3
supplement for cultivation while the immature NCCmelb4
cells has yet developed ET receptors, it is reasonable to note
that the functionally more developed NCCmelan5 possessed
greater capacity for migration than the immature NCCmelb4
cells. Another obvious finding in our experiment was that
treatment with He-Ne laser significantly enhanced the cell
mobility of NCCmelb4, but had little effect on NCCmelan5.
It was known that in order for a cell to move beyond its
boundaries, delicate interactions take place between the
moving cell and the ECM via specific ligand binding with the
protein receptors. The cell must detach at the trailing edge,
either by locally modulating the composition of the ECM
or by directly modulating the connections between ECM
and the cytoskeleton, before moving toward a specific direc-
tion (McCarthy and Turley, 1993). Previous works investigat-
ing the mechanisms of vitiligo have often neglected the
importance of appropriate ECM. Fibronectin is an important
component of dermis. It belongs to the family of glyco-
proteins and is mainly found around dermal papilla, peri-
follicular connective tissue sheath, and dermal–epidermal
junction (Gibson et al., 1983). The physiologic distributions
of fibronectin coincide with the migration path undertaken by
the immature MBs during their course of upward migration to
the epidermis. Corroborating with the enhanced migration
capacity on fibronectin, the attachment of NCCmelb4 cells to
fibronectin significantly decreased after He-Ne laser treat-
ment. This weakened attachment to ECM may facilitate cell
locomotion in vivo. Intriguingly, our results showed that the
attachment of NCCmelan5 cells to fibronectin significantly
increased after He-Ne laser irradiation without concomitant
changes observed in cell mobility. One possible explanation
is that the increased attachment to ECM may promote cell
differentiation. Although some previous reports have shown
that the ability of ECM protein to promote cell adhesion
may be related to its motility-promoting properties (McCarthy
and Turley, 1993), Neitmann et al. (1999) has shown that
the changes in MC attachment to ECM may not correlate
with its cell motility. Therefore, changes in attachment of
MBs to ECM per se may not always indicate alterations in
locomotion. As aforementioned, the alterations of attachment
to ECM may induce other cellular activities such as inducing
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Figure 4. Effects of specific inhibitors on locomotion of the NCCmelb4 cells.
The NCCmelb4 cells were seeded onto fibronectin-coated Cellocate slips at
2 104 cells/dish. Time-lapse photographs were taken at indicated time
points and the migration distance (mm) was determined. As shown previously,
treatment with 1.0 J/cm2 He-Ne laser significantly enhanced the locomotion
of the NCCmelb4 cells. HerbimycinA, a specific pp125FAK antagonist
abrogated the enhancing effect of He-Ne laser on NCCmelb4 cells. On the
other hand, neutralizing antibody against a5b1 integrin has no significant
impact on He-Ne laser-induced NCCmelb4 locomotion. The data shown here
(mean7SD) are from one representative experiment, repeated three times
with similar results. *Po0.05 as compared to the 1.0 J/cm2 He-Ne
laser-irradiated group.
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functional development. In support with this hypothesis, our
result has shown that the He-Ne laser irradiation promo-
ted melanogenesis of NCCmelan5 cells. As the recovery
process from vitiliginous skin follows a dynamic course, it
is not surprising that differential effects were imparted by
He-Ne laser on MBs at different maturation stages. Moreover,
our in vitro results corroborated well with the clinical settings
during repigmentation process of vitiligo: (1) upward migra-
tion to the epidermis is the primary goal for the immature
MBs, (2) once in proper position, the main objective for
the more developed MBs becomes functional development,
such as enhanced melanogenesis, instead of increased cell
mobility.
Focal adhesion kinase (p125FAK) has been suggested to
play a pivotal role in transuding signals that modulate cell
adhesion and migration (Guan and Shalloway, 1992; Hanks
et al., 1992; Kornberg et al., 1992). This particular kinase
localized to the cell membrane at the juncture of integrin
receptors and components of cellular cytoskeleton (Kornberg
et al., 1992; Schaller et al., 1992). pp125FAK is a major sub-
strate for tyrosine phosphorylation in response to stimuli
including integrin activation (Zachary and Rozengurt, 1992).
Increased p125FAK expression and phosphorylation play
a pivotal role in modulating cytoskeletal proteins necessary
for pigmented cell adhesion and migration (Bockholt and
Burridge, 1993; Akasaka et al., 1995). Our previous study
has demonstrated important role of pp125FAK on narrow
band (NB) UVB-induced MC migration (Wu et al., 2004). Our
current results demonstrated that the expression of pp125FAK
was significantly upregulated on the He-Ne laser-treated
NCCmelb4 cells, corroborating with the increased loco-
motion seen with the NCCmelb4 cells after He-Ne laser irrad-
iation. Moreover, addition of pp125FAK inhibitor abrogated
the enhancing effect of He-Ne laser on NCCmelb4 loco-
motion, confirming the functional role of pp125FAK on increased
NCCmelb4 mobility induced by He-Ne laser treatment.
Interactions between cells to the ECM are mediated by
adhesion molecules. Integrins, a transmembrane hetero-
dimeric glycoprotein, are important elements in our study
since it has been shown that integrins played a role in
modulating MC physiology (Hara et al., 1994; Duncan et al.,
1996; Neitmann et al., 1999). Of particular interest, both
integrin a2b1 and a5b1 were implicated to have important
roles in melanocytic cell locomotion as the expressions of
these integrins were associated with increased motile proper-
ties of melanocytic cells and melanoma progression (Danen
et al., 1994; Duncan et al., 1996). After He-Ne laser treat-
ment, the NCCmelb4 cells showed increased expression of
a5b1. On the other hand, irradiation with He-Ne laser did not
alter the expression of either integrin on the NCCmelan5
cells. To examine the functional roles of these integrins on
MB movement, monoclonal antibodies against a5b1 were
used. As demonstrated in our result, blocking a5b1 integrin
did not significantly alter the locomotion of NCCmelb4 cells,
indicating that a5b1 integrin has limited effect on NCCmelb4
mobility induced by He-Ne laser. Akasaka et al. (1995) has
reported similar result previously, indicating that while
p125FAK expression correlated with the migration rate of
melanoma cells, the levels of p125FAK do not correlate
directly with the levels of expression of a5b1 integrin. There-
fore, the regulation of cellular locomotion and p125FAK
expressions on MB appeared to be independent of a5b1
integrin expression. The functional role of increased a5b1
integrin expression after He-Ne laser irradiation awaits
further investigation.
In conclusion, we have shown that He-Ne laser irradiation
imparts differential physiologic effects on the MBs at different
maturation stages in vitro and provided a reasonable expla-
nation for the therapeutic effects of He-Ne laser on vitiligo
skin in vivo. More specifically, He-Ne laser irradiation
enhanced immature MB mobility via enhanced pp125FAK
expression and promoted melanogenesis in the more mature
MB. As recovery of vitiligo must begin with the migration of
the immature MB located on the outer root sheath followed
by the functional development of the more mature MB, our
current study has elucidated the early events on how He-Ne
laser induces repigmentation in vitiligo via its simultaneous
effects on both the immature and the more differentiated
MBs. More importantly, our results provided a theoretical
basis for using He-Ne laser as a therapeutic modality for
the treatment of diseases in which modulation of cellular
physiologic functions may be required.
MATERIALS AND METHODS
All the described experiments were approved by the medical ethical
committee of Kaohsiung Medical University and were conducted
according to the Declaration of Helsinki Principles.
Cultures of melanoblasts
Two melanoblast cell lines, the NCCmelb4 cells and the NCCme-
lan5 cells (kindly provided by Professor Mizoguchi), were used in
this study. NCCmelb4 cells were maintained in minimum essential
medium supplemented with 5% fetal bovine serum (Gibco BRL,
Gaithersburg, MD) and 50 ng/ml stem cell factor (R&D Systems,
Minneapolis, MN). The NCCmelb4 cells, representing immature
MBs, were positive for KIT, tyrosinase-related protein-1, and tyrosi-
nase-related protein-2, but negative for dihydroxyphenylalanine
reaction, tyrosinase, and ET-B receptor (Kawa et al., 2000). The
NCCmelan5 cells, representing more differentiated MBs, were main-
tained in minimum essential medium supplemented with 15% fetal
bovine serum, 50 ng/ml stem cell factor, and 100 nmol/l ET-3
(Calbiochem, Darmstadt, Germany). The NCCmelan5 cells were
positive for KIT, HMB-45, tyrosinase-related protein-1, tyrosinase-
related protein-2, tyrosinase, ET-B receptor, and dihydroxyphenyl-
alanine reaction (Ooka et al., 2001). The medium for cell cultures
was changed every 3 days.
He-Ne laser irradiation
Cultured MBs were irradiated with He-Ne laser at indicated dosages.
The He-Ne laser used (Lasotronic MED-1000, Lasotronic, Zugerstr,
Switzerland) has an output of 10 mW (measured by a power meter,
POW-105, Lasotronic) through a divergent lens that delivers energy
in a scanning mode to a platform where the dishes are placed. The
cultured cells were both rinsed with and irradiated in phosphate-
buffered saline to minimize the loss of laser energy through absorp-
tion by colored culture medium. All irradiation experiments were
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repeated in triplicate, and dishes within an experiment (including
controls) were maintained in phosphate-buffered saline at room
temperature and atmosphere during the entire duration of the experi-
ment (Yu et al., 1996).
Growth curve determination
The NCCmelb4 and NCCmelan5 cells were seeded onto 3.5 mm
plates with a density of 5 104 cells/well and incubated overnight.
The cells were then irradiated with He-Ne laser at 0, 1, and 1.5 J/
cm2. The number of living cells was determined after utilizing trypan
blue exclusion test and counted on days 1–5 after irradiation using a
hematocytometer chamber.
NCCmelb4 cells viability assay
A colorimetric method for determining the activity of mitochondrial
enzymes was used to evaluate viability of cultured cells (Scudiero
et al., 1988). A commercially available kit (CellTiter 96 aqueous
proliferation assay kit, Promega, Madison, WI) was used to perform
cell viability test according to the manufacturer’s instruction. Briefly,
the cultured NCCmelb4 cells were seeded onto 96-well plates with
a density of 3 104 cells/well and incubated overnight. Then, the
NCCmelb4 cells were treated with medium containing 0, 1, 5, and
10 mg/ml of herbimycin A (a specific inhibitor of pp125FAK) (Sigma,
St Louis, MO) and incubated for 24 hours. Twenty microliters of
CellTiter reagent containing tetrazolium compound and electron
coupling reagents were added into each well to be catalyzed by
mitochondrial dehydrogenase enzymes in the metabolically active
cells. The plates were then incubated for 2 hours, and the colori-
metric absorbance was recorded at 490 nm by a microplate reader
(Molecular Devices, Sunyvale, CA).
Cell migration assay
For the cell migration experiments, the NCCmelb4 and NCCmelan5
cells were trypsinized, counted, and plated onto CELLocate cover-
slips (Eppendorf, Hamburg, Germany) coated with 10 mg/ml fibro-
nectin in 24-well plates at a concentration of 2 104 cells/well. Two
hours after seeding, the cells were irradiated with He-Ne laser at
indicated dosages. For the blocking test, 1 mg/ml of herbimycin A
(Sigma) or 1mg/ml neutralizing antibody against a5b1 integrin was
added to the culture media after irradiation. The microphotographs
were taken at indicated time points for 24 hours and 10–12 cells for
each group were selected to determine the migrating distances
(Horikawa et al., 1995).
Cell attachment assay
The NCCmelb4 and NCCmelan5 cells were seeded onto 60 mm
culture dishes. After indicated laser irradiation, the cells were incu-
bated for 6 hours. The cells were then harvested, and cell number
was determined. The cells (1 104/well) were seeded in 96-well
microtitration plate coated with fibronectin (10 mg/ml; Sigma,
St Louis, MO) and incubated for 30 min at 371C. The unattached
cells were aspired and the attached cells were washed once
with phosphate-buffered saline. The cells were then lysed with
50 ml of 0.5% Triton X-100. The substrate solution (consisting of
p-nitrophenol-N-acetyl-b-D-glucosaminide (Sigma) dissolved at
7.5 mmol/l in 0.1 mol/l citrate buffer (Sigma)) for hexosaminidase
was added and incubated for 2.5 hours at 371C. Then, 90 ml of stop
solution (consisting of 50 nmol/l glycine buffer (Sigma) containing
5 mmol/l EDTA) was added and the optical density was measured at
405 nm with an ELISA plate reader (Model 450; Bio-Rad, Munich,
Germany) (Landergren, 1984).
Melanin assay
For the measurement of melanin content, the NCCmelb4 and the
NCCmelan5 cells (1 105) were seeded onto 35 mm culture dish and
then incubated in 5% CO2 at 371C for 24 hours. The cells were then
irradiated with He-Ne laser at indicated dosage and incubated in 5%
CO2 at 371C. Five days after irradiation, the cells were harvested with
trypsin-EDTA and counted. The cells were centrifuged and resus-
pended with 200ml 1 N NaOH and incubated for 48 hours at 371C.
The absorbance was measured at 475 nm with an ELISA plate reader
(Model 450; Bio-Rad, Munich, Germany) (Toyoda et al., 1999).
Cellular ELISA for integrin expression
The expressions of integrins on the cell surface were assessed
with cellular ELISA (Khan et al., 1995; Sasaki et al., 2005). The
cells (1 104/well) were seeded onto 96-well microtitration plates
precoated with fibronectin and irradiated with He-Ne laser at
1.0 J/cm2. Twenty-four hours after irradiation, the NCCmelb4 and
NCCmelan5 cells were washed twice with Hank’s balanced salt
solution and fixed with 1% paraformaldehyde dissolved in
phosphate-buffered saline for 10 minutes. The cells were then
washed three times with 0.05% Tween-20-Hank’s balanced salt
solution. Afterwards, the cells were blocked with 3% BSA-
phosphate-buffered saline for 1 hour at room temperature. Each
well was incubated with a2b1 and a5b1 integrin monoclonal
antibodies (1: 500 dilution; Chemicon, Temecula, CA) for 1 hour.
The cells were then washed three times with 0.05% Tween-20-
Hank’s balanced salt solution and incubated with secondary
antibodies conjugated with horseradish peroxidase (1:1,000 dilu-
tion; Santa Cruz Biotechnology, Santa Cruz, CA) for 1 hour. After
washing for four times, 100ml of tetramethylbenzidine was added to
each well and allowed to develop for 30 minutes. The optical density
was measured at 450 nm with an ELISA plate reader.
Western blotting analysis
For pp125FAK expression, the NCCmelb4 cells (5 106) were seeded
onto 10 mm culture dishes and incubated for 24 hours. The cells
were irradiated with 0 and 1.0 J/cm2 He-Ne laser. Thirty minutes
after irradiation, the cells were harvested and the total cellular
proteins were extracted. For Western blot analysis, 40 mg of extracted
total cellular proteins were subjected to 10% SDS-PAGE. Subse-
quently, they were electroblotted onto a nitrocellulose membrane
for 1 hour using a Mini Trans-Blot Transfer Cell (Bio-Rad) at 90 V.
After blocking and washing, the nitrocellulose membrane was
incubated with anti-pp125FAK monoclonal antibody (1:1,000 dilu-
tion; Upstate, Lake Placid, NY) followed by incubation with a
1:1,000 dilution of horseradish peroxidase-labeled secondary anti-
body (Santa Cruz). The results were visualized by enhanced
chemiluminescent method and analyzed by digital imaging system
(Alpha Imager 2000, Alpha Innotech Corp., San Leandro, CA).
Statistical analysis
SPSS system for Windows version 10.0 (SPSS Inc., Chicago, IL) was
used for statistical analysis. The results were expressed as mean7s.d.
The Student’s t-test was used for statistical evaluation between
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control and experimental groups in the study. A P-value ofo0.05 is
considered to be statistically significant.
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